Penoscrotal defects are associated with a variety of conditions, including extramammary Paget disease (EMPD), Fournier's gangrene (FG), and skin cancer. Careful reconstruction of the penoscrotal region is vital for sexual and urological functions [1] . The aims of reconstruction are to assist wound healing and provide adequate function and acceptable appearance. However, reconstruction of penoscrotal defects is difficult because of the variety of skin colors and thicknesses, the presence of bacterial flora, difficulty in immobilization, and complicated contours [1] . Therefore, a variety of approaches must be used for reconstruction, which are based on the size, position, and severity of the defect and the availability of surrounding tissue.
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Methods

Patients
We performed a retrospective chart review of 13 patients who underwent penoscrotal reconstruction from January 2012 to May 2016. The defects were caused by EMPD in 10 patients, FG in 2 patients, and skin cancer in 1 patient. All patients underwent radical debridement. We applied a negative-pressure-wound-therapy (NPWT) device to facilitate wound healing and evacuation of discharges in selected patients who had a large wound defect and massive discharge. The defect areas ranged from 4 to 225 cm 2 (mean 75.0 cm 2 ). The reconstructive procedures were performed using split-thickness skin grafts (STSGs) and scrotal advancement, ALT, and IPAP flaps. The patients' demographic and clinical data are listed in Table 1 .
Surgical procedures
Pedicled ALT flap
A line was drawn that connected the anterior superior iliac spine to the outer edge of the patella. The midpoint of the connection line was used to establish a circle with a radius of 3 cm. We then used a portable Doppler ultrasound device to identify the pedicle skin perforators of the lateral femoral vessels within the circle. The flap was then mapped based on these vessels. The flap was elevated and the vasculature was anatomized to an appropriate length to ensure that the flap had sufficient mobility. A tunnel was made between the donor area and the defect, and the flap was transposed to the defect. If the width of the flap was less than 7 cm, the donor area was usually sutured directly. The donor area was repaired by STSGs from the other thigh for flaps wider than 7 cm.
IPAP flap
The gluteal fold was identified before surgery and demarcated bilaterally with the patient standing. Portable Doppler ultrasonography was used to locate perforators. The design of the pedicled flap was based on the marked perforators. To disguise the closure scar on the donor site, the long axis of the flap was centered on the gluteal fold. An exploratory skin incision was made on the anterior or posterior side of the flap, and either a suprafascial or subfascial dissection was performed until the previously marked perforators emerged. A final single perforator was selected after considering its pulsatility, diameter, and proximity to the defect. The remaining incision was made, and the perforator was freed from the connective tissue. The flap was transferred to the defect site, and a negative-suction drain was inserted. Donor sites were primarily secured within the gluteal folds.
Results
The ages of patients ranged from 46 to 93 years (mean 67.5 ± 14.5 years). The duration of follow-up ranged from 12 to 36 months (mean 18.5 months). Eight cases had a defect of the penile shaft that was repaired by an STSG. Seven cases who had no tension when the scrotal defect was approximated underwent repair using a scrotal advancement flap. A distant flap was performed for large scrotal defects that involved the surrounding tissue; 3 cases underwent repair by a pedicled ALT flap, and 3 patients underwent repair by an IPAP flap. The lengths of the flaps ranged from 2 to 20 cm (mean 9.5 cm), and the widths ranged from 2 to 15 cm (mean 6.9 cm). All of the flaps survived without reports of severe complications such as total flap necrosis or congestion that required immediate surgery. Minor complications (hematoma or wound dehiscence) occurred in 3 patients, which healed after a minor surgical procedure.
Case presentations
Case 2
A 74-year-old man presented with a 2-year history of a pruritic erythematous skin lesion on his penis and a scrotal skin lesion. A skin biopsy confirmed the diagnosis of EMPD. After complete excision of the lesions, the resulting penile 56-cm 2 (8 × 7 cm), scrotal 35-cm 2 (5 × 7 cm), and pubic-region 180-cm 2 (18 × 10 cm) defects were reconstructed by an STSG, scrotal flap, and pedicled ALT flap, respectively (Figs. 1,  2 ). At the 31-month follow-up visit, local recurrence of EMPD was not seen, and the aesthetic result was acceptable (Fig. 3 ).
Case 13
A 65-year-old man sustained FG, with soft tissue defects over the penile shaft and scrotum. After surgical debridement, the areas of the defects were approximately 42 cm 2 (7 × 6 cm) and 160 cm 2 (20 × 8 cm), respectively. An IPAP flap was constructed and transposed to the scrotal defect. The penile shaft defect was repaired by an STSG (Figs. 4, 5) . At postoperative month 12, the flap had survived, and the aesthetic outcome was good (Fig. 6 ).
Discussion
The penoscrotal area has a special function that represents the confluence of urological, sexual, and gastrointestinal functions [1] . The scrotum allows testicular mobility, which reduces trauma and allows optimal thermal regulation for spermatogenesis [2] . The scrotum is constructed of special- ized skin that is lined by the dartos muscle, which can contract to retain heat and relax to dissipate heat [2] . Penoscrotal defects may result from trauma, infection, or tumor ablation. FG is one of the most devastating types of infections. FG is a necrotizing fasciitis of the perineum and external genitalia that rapidly spreads along contiguous fascia. It often affects patients with serious comorbidities, including diabetes, alcoholism, and advanced age. In addition to cardiopulmonary support and broad-spectrum antibiotics, the standard treatment involves aggressive debridement of necrotic tissue. Consequently, reconstructive procedures are required for the resulting extensive skin and soft tissue defects [1] . EMPD is a rare cutaneous malignancy, and in men most frequently involves the penoscrotal area [3] . Defects due to tumor ablation are usually reconstructed immediately after the tumor is resected and the margin is confirmed free of malignancy. Wide excision and examination of frozen sections are needed to create and confirm tumor-free margins before reconstruction [3] . This type of surgery frequently leads to skin and soft tissue defects that are larger than expected.
Reconstruction of the penoscrotal region represents a surgical challenge because of the highly complex three-dimensional structures and the difficulties involved in achieving an esthetic appearance and normal functions. However, several reconstructive procedures can achieve wound coverage, including those using STSGs, local scrotal advancement flaps, and fasciocutaneous flaps [4] .
Carvalho et al. [5] reported on a small defect of the scrotum that healed by secondary intention without surgical treatment. Parkash et al. [6] reported good results after a skin graft, but Carvalho et al. [5] reported that infection occurred in 18% and Chen et al. [4] reported that partial skin loss occurred in 11% of skin grafts. The reason for the higher rates of infection or skin loss after skin grafting in the penoscrotal region compared with other sites is probably accounted for by the difficulties in immobilization, the presence of bacterial flora, and the complicated structures [1] . For our patients, STSGs were only used to cover penile shaft defects.
Parkash et al. [6] reported a successful reconstruction that was achieved by a local scrotal advancement flap and reported that wound dehiscence and partial flap loss occurred as complications but resolved, with flap survival. The authors also used a scrotal flap for reconstruction if the scrotal defect could be approximated without tension. However, another type of reconstructive surgery is needed if the defect is large and the remaining scrotal skin cannot be advanced and the surrounding defect is accompanied.
A fasciocutaneous flap provides durable skin and allows coverage of a large area of exposed soft tissue. Therefore, it is more effective than an STSG for the reconstruction of scrotal and perineal defects. It also produces better functional outcomes and cosmetic results than skin grafting, with fewer contractures due to scarring [1] . We used pedicle ALT flaps in 6 patients and IPAP flaps in 3 patients. Both flaps have advantages in that they are relatively easy to construct, have a reliable blood supply, and are less bulky than other muscle flaps. In most cases, the donor site allowed primary closure. However, when the width of the ALT flap was large, a skin After surgical debridement, areas of the defects were approximately 42 cm 2 (7 × 6 cm) and 160 cm 2 (20 × 8 cm), respectively.
graft was performed for closure of the donor site. In addition, the construction of an ALT flap elevates a larger skin paddle than the IPAP flap, and a unilateral ALT flap can cover both exposed testicles. An ALT flap can be moved farther to cover the pubic area, so bilateral ALT flaps can be used for penoscrotal defects accompanied by defects in the pubic area. The IPAP flap should be used in a bilateral pattern when both testicles are exposed. For such cases, donor site scars are well concealed by both gluteal folds. Table 2 summarizes our review of recent publications that have reported on reconstructive methods for defects of the penoscrotal area, and compares our study with the other case series. In 2007, Lee et al. [7] reported on reconstructions of penoscrotal defects by scrotal flaps, groin flaps, and pedicled ALT flaps. Yang et al. [8] reconstructed penoscrotal defects using superficial epigastric artery-based flaps and scrotal flaps. In 2010, Chen et al. [4] used gracilis muscle flaps and STSGs. In 2011, Chen et al. [9] reconstructed penoscrotal defects using conventional methods and pudendal thigh flaps. In 2014, Ahn et al. [1] performed reconstruction using LD free flaps and perforator-based flaps (IPAP flap) to repair penoscrotal defects. In addition, several published papers have reported on reconstruction of penoscrotal defects by the methods described so far. Currently, it appears that there is no general consensus on the methods used for reconstruction of penoscrotal defects. Thus, we recommend that the selection of an appropriate surgical procedure should be based on the location and size of the defect. Our flowchart for deciding on the appropriate procedure is shown in Fig. 7 . (4) STSG, split-thickness skin graft; LD, latissimus dorsi; EMPD, extramammary Paget disease; ALT, anterolateral thigh; IPAP, internal pudendal artery perforator. 
